A detailed analysis from both numerical calculations and experimental results is presented for the local electrochemical impedance spectroscopy ͑LEIS͒ measurements of a disk electrode, which accounted for the placement of the LEIS probe above the electrode surface. The calculations for an electrode with a local constant phase element behavior were in excellent agreement with experimental observations for a stainless steel electrode in a Na 2 SO 4 /NaCl ͑pH 4͒ electrolyte. Measurement of the local impedance at two positions above the electrode surface allowed estimations of the local interfacial impedance and the local ohmic impedance, which were in excellent agreement with the simulations. The results demonstrate that the local impedance measurement itself cannot be used to estimate the surface area sampled by the LEIS probe. The area sampled must be determined instead by the probe geometry. © 2007 The Electrochemical Society. ͓DOI: 10.1149/1.2789292͔ All rights reserved. Electrochemical impedance spectroscopy ͑EIS͒ is a powerful technique that has been widely developed for the understanding of multistep reactions.
Electrochemical impedance spectroscopy ͑EIS͒ is a powerful technique that has been widely developed for the understanding of multistep reactions. 1 The impedance response of an electrode is generated by measuring the ratio of the applied potential to the surfaceaveraged current as a function of frequency. The experimental impedance response of electrodes, however, rarely shows the ideal response expected for single electrochemical reactions, especially in the case of corrosion processes. The impedance response typically reflects a distribution of reactivity that is commonly represented in equivalent electrical circuits as a constant phase element ͑CPE͒. [2] [3] [4] To overcome this problem, some groups have developed local electrochemical impedance spectroscopy ͑LEIS͒. [5] [6] [7] [8] [9] [10] Two different approaches were investigated. The first one consisted of the use of dual microprobes for measuring the local ac current; 5, 6, 9, 10 whereas the second method consisted of an adaptation of the scanning vibrating electrode technique ͑SVET͒ to ac polarization. 7, 8 For either technique, signal interpretation and analysis were possible only for the medium frequency range. Measurements at low frequencies were influenced by nonstationary behavior, and measurements at high frequency contained artifacts associated with instrumental limitations. A similar approach was previously described by Miller and Bellavance 11 for investigating dc-current and dc-potential distributions at a rotating disk electrode measured with the help of doublereference probe.
More recently, Huang et al. 12 have investigated the global and local impedance response of an ideally polarized electrode. Because there are several types of local impedance, they presented a notation that addressed the concepts of both global and local impedances. The global impedance Z involves quantities averaged over the electrode surface and corresponds to the usual electrochemical impedance. The local impedance z traditionally involves the electrode potential measured with respect to a reference electrode far from the electrode surface 5, 6 and was defined to be the ratio of the applied voltage to the local ac solution current density. Thus, the admittance of the disk electrode can be obtained by integration of local admittance over the area of the disk. Conversely, Bayet et al. 8 have defined the local impedance as the ratio of local potential perturbation to the local current density, the two values being measured at the same location.
A key contribution of the discussion of Huang et al. 12 was the definition of two other local impedances: the local interfacial impedance z 0 , which involved both a local current density and the local potential drop across the diffuse double layer, and the local ohmic impedance z e , which involved a local current density and potential drop from the outer region of the diffuse double layer to the distant reference electrode. The local impedance was, thus, the sum of the local interfacial impedance and the local ohmic impedance.
In the case of a blocking electrode exhibiting a local CPE behavior, Huang et al. 13 also explored the role of current and potential distributions on the global and local impedance responses. They were able to relate the global impedance response to local impedance, and distinctive features of the calculated global and local impedance response were verified experimentally using both glassy carbon and stainless steel electrodes as examples. From these works, 12 ,13 a dimensionless characteristic frequency K was defined that includes the CPE coefficient Q, the frequency raised to the power of the CPE exponent ␣, the disk radius r 0 , and the electrolyte conductivity .
In a related work, Huang et al. 14 investigated the global impedance response of a disk electrode subject to faradaic reactions. The calculated local and local ohmic impedances were shown to provide insight into the frequency dispersion associated with the geometry of disk electrodes. It is noteworthy that while the calculated global impedance exhibited a purely capacitive behavior, the local impedance had high-frequency inductive loops and the imaginary part of the local ohmic impedance was equal to zero at both high and low frequencies, where the local ohmic impedance had purely resistive character. In the frequency region above the characteristic frequency for the faradaic reaction, the global impedance response had a quasi-CPE character and the CPE coefficient ␣ was a function of both dimensionless frequency K and exchange current density. The calculated values of ␣ are typical of those obtained experimentally on disk electrodes.
The predictions made by Huang et al., [12] [13] [14] however, applied only at the electrode surface, which is not physically accessible to experimental observation. The aim of the present paper was to explore the role of the probe location over the electrode surface when performing local impedance measurements. For this purpose, both theoretical and experimental investigations were performed. Special attention has been paid to link the theoretical predictions for the local impedance and the experimental results.
Experimental
The steel under study was a ferritic stainless steel Fe-17Cr ͑wt %͒ cylinder provided by UGINE ͑France͒, with a diameter of 0.45 cm. The steel rod was laterally insulated by a cataphoretic paint, and the electrode was embedded in an epoxy resin to form a 0.16 cm 2 planar-disk electrode. Prior to all impedance experiments, the electrode surface was mechanically polished with diamond paste down to 1 m.
The bielectrode consisted of two platinum wires ͑40 m diam͒. A deposit of Pt black from hydrogen hexachloroplatinate ͑IV͒ was performed daily on each microdisk to reduce the interfacial impedance of these electrodes. 15 The electrochemical measurements were carried out with a classical three-electrode cell at room temperature. The counter electrode was a large platinum grid, and the potentials were measured with respect to a saturated sulfate electrode ͑SSE͒. The electrolyte was aerated 0.005 M Na 2 SO 4 + 0.05 M NaCl ͑pH 4͒ prepared from analytical grade chemicals used as received in deionized water. A schematic representation of the experimental cell is given in Fig. 1 .
The experimental setup consisted of a homemade potentiostat coupled with a Solartron 1254 four-channel frequency response analyzer ͑FRA͒, allowing both global and local impedances to be recorded simultaneously. A homemade analog differential amplifier with both variable gain and high input impedance was used to record the local potential and current variations. The bielectrode was moved with a three-axis positioning system ͑UTM25, Newport͒ driven by a motion encoder ͑MM4005, Newport͒ allowing a spatial resolution of 0.2 m in the three directions. All measurements were performed at the corrosion potential E corr under potentiostatic regulation, with a 100 mV peak-to-peak signal, 50 acquisition cycles, and seven points per decade of frequency. A homemade software developed for scanning electrochemical microscopy was used for data acquisition. 16, 17 With this experimental setup, global, local, and local interfacial impedances could be measured simultaneously. For local electrochemical measurements, the local ac current density i loc ͑͒ was obtained through Ohm's law using
where is the electrolyte conductivity, ⌬V probe is the ac potential difference between the two probes, and d is the distance between the two probes ͑see Fig. 1͒ . It should be mentioned that the current density defined by Eq. 1 corresponds to the averaged y component of the current density vector at the location ͑r,y͒ in solution. This value should be affected by both the location of the probe electrode in the solution and by any change in the concentration of ionic species ͑i.e., the electrolytic conductivity͒ during the measurement. As a result, the as-determined local current density is not the true local current density at the electrode surface, which constitutes a major part of the error associated with the experimental technique discussed in this paper. The local impedance was thus defined to be
where Ṽ ͑͒ − ⌽ ref,ϱ represents the ac potential difference between the electrode surface and the reference electrode in the bulk solution. Using the definitions presented above, the local interfacial impedance, z h ͑͒, estimated at y = h, was obtained using
where Ṽ ͑͒ − ⌽ h ͑͒ represents the ac potential difference between the electrode surface and the closest of the two bielectrode probes, located at a distance y = h from the electrode surface ͑Fig. 1͒. The estimated local interfacial impedance defined in Eq. 3 can be compared to the value defined by Huang et al. 12 for the potential of the electrode referenced to the potential of the electrolyte measured at the inner limit of the diffusion layer, i.e.,
The local ohmic impedance z e,h can thus be deduced by calculating the difference between the local impedance and local interfacial impedance, i.e.,
which compares to
as defined by Huang et al. 12 The estimated interfacial impedance can be expressed in terms of the theoretical interfacial impedance as
where ͓z e ͑͒ − z e,h ͔͑͒ represents the local ohmic impedance between y = 0 and y = h. Figure 1 also illustrates the repartition of the equipotential lines over the electrode surface. Within the electrolyte, the current always flows perpendicularly to these equipotential surfaces, leading to significant radial component of current density near the periphery of the electrode. The use of the bielectrode described previously, however, only allows the normal component of the current being measured. Most of the results in this paper report measurements and numerical calculations performed using the normal component of the current distribution. However, insight concerning the influence of the radial component is given in the Discussion section.
Mathematical Development
The mathematical development follows that presented by Newman 18 for a planar disk electrode embedded in a coplanar insulator. The potential ⌽ in solution surrounding this electrode is governed by Laplace's equation
Using cylindrical coordinates ͑r,,y͒, Eq. 8 can be expressed as 
where y is the normal distance to the electrode surface, r is the radial coordinate, and is the azimuth. The cylindrical symmetry condition requires that the geometry is invariant under rotation about the y axis, i.e.,
Combination of Eq. 9 and 10 yields the governing equation in a two-dimensional ͑2D͒ domain as
The potential ⌽ was separated into steady and time-varying parts as
where ⌽ is the steady-state solution for the potential and ⌽ is the complex oscillating potential. On the surrounding insulator and far from the electrode surface, the boundary conditions were given by
and
In the case of a capacitive behavior, the flux boundary condition at the electrode surface was written as
where C 0 is the interfacial capacitance, V is the electrode potential, and ⌽ 0 is the potential just outside the double layer. In the case of a CPE behavior, the governing equations remained the same, the only change made was the substitution of C 0 j by Q͑ j͒ ␣ . Calculation of the local current density allowed determination of the local admittance of the system. The current could then be calculated by integrating the local admittance of the system over the electrode disk surface.
The equations were solved under the assumption of uniform CPE parameters Q and ␣ over the electrode surface, the case of a pure capacitance corresponding to ␣ = 1 and Q = C 0 . The simulations were performed using a finite element package Femlab with the conductive media dc module in a 2D axial symmetry.
The equations were also solved ͑for cases corresponding to h = 0͒ in the rotational elliptic coordinates using the collocation package PDE2D developed by Sewell. 19 Calculations were performed for different domain sizes, and the results reported here were obtained by extrapolation to an infinite domain size. [12] [13] [14] From both calculation methods, the results could be expressed in terms of a dimensionless frequency K = Q ␣ r 0 /. The results obtained by the two packages were in excellent agreement for dimensionless frequencies K Ͻ 100. As discussed in previous papers, 12, 13 the calculated results are believed to be incorrect for frequencies K Ͼ 100 due to the presence of the singularity at the periphery of the electrode. 
Results
Simulations and experimental results are compared in the following sections.
Simulations.-The calculated results for global, local, local interfacial, and local ohmic impedances are presented in this section. The subscripts r and j used in the following refer to the real and the imaginary parts of complex numbers, respectively. Capacitive behavior.-The global impedance response of a blocking electrode reported by Huang et al. 12, 13 is presented in Fig. 2 . The impedance is made dimensionless according to Z/r 0 in which the units of impedance Z are scaled by unit area ͑⍀ cm 2 ͒. This calculation was in excellent agreement with the numerical solution presented by Newman, 18 and the high-frequency limits correspond to the expected theoretical value of 1 4 . When the real and the imaginary parts of the global impedance are plotted against the dimensionless frequency K, a characteristic frequency K = 1 was observed ͑data not shown͒, corresponding to the transition between the high-and low-frequency behaviors. 12, 13 The influence of electrode placement is explored in Fig. 3 , where a comparison is presented between the Nyquist plots for the local impedance at the electrode center ͑r/r 0 = 0͒ and near the electrode edge ͑r/r 0 = 0.96͒ with the dimensionless tip-to-electrode distance L = h/r 0 as a parameter. Calculated results for different disk radii were found to superpose when presented using the dimensionless variables of Fig. 3 ; thus, the distance h between the probe and the working electrode is appropriately scaled by the radius of the disk. The results obtained for L = 0 ͑i.e., h = 0͒ corresponds to the electrode surface and was previously analyzed. 12, 13 From a practical point of view, this case is physically unrealizable since the LEIS probe cannot be brought into contact with the electrode surface. Taking into account relationship 7, the local interfacial impedance as defined by Huang et al. 12 is always marred by mistakes due to a small contribution of the local ohmic impedance that depends on the probe location. For instance, for a disk radius r 0 = 0.225 cm, the value L = 0.04 corresponds to a probe height above the electrode of h = 90 m and the value L = 0.2 corresponds to a probe height above the electrode of h = 450 m. Such values for the probe-tosample distance can be reached experimentally.
When the bielectrode is at the center of the disk electrode ͑Fig. 3a͒, the impedance in the high-frequency domain is characterized by an inductive loop and its magnitude depends on the vertical location of the probe. In the low-frequency range, the magnitude of the impedance response also depends on the distance L, but the electrochemical behavior of the blocking electrode remains purely capacitive and the real part of the local impedance reaches asymptotic values. 
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When the bielectrode is close to the edge of the disk electrode ͑Fig. 3b͒, the high-frequency part of the impedance exhibits a small inductive feature for small L values ͑L Ͻ 0.2͒. The shape of the diagrams is similar to that observed for global impedance. For small L values, the impedance is larger at the electrode center than at the electrode edge, showing the greater accessibility of the periphery of the disk electrode. However, these feature are inverted as the frequency decreases, showing the complex behavior of the local impedance with both the radial and vertical position of the probe. When the bielectrode is withdrawn to a distance L ജ 0.4, the impedance is larger at the periphery of the disk. This may be ascribed to the fact that at the electrode edge, the current contribution has both normal and radial components; whereas at the electrode center the current lines are perpendicular to the electrode surface. No matter where the bielectrode is located, a significant frequency shift is observed as the distance L increases.
The radial distributions of the real part of the local impedance are presented in Fig. 4a and b for K = 100 and 1, respectively, with the dimensionless tip-to-electrode distance L as a parameter. At high frequencies ͑K = 100͒, the distribution on the electrode surface ͑L = 0͒ corresponds to the primary resistance distribution. 12 When the bielectrode is withdrawn from the disk surface, the impedance deviates from its ideal behavior and the curvature of the curve is inversed at the edge of the disk electrode. The same effect is observed for lower frequency ͑Fig. 4b͒. The real part of the local impedance calculated for L = 0 corresponds to the local ohmic impedance as discussed by Huang et al. 12 The corresponding radial distributions of the imaginary part of the local impedance are presented in Fig. 5a and b for K = 100 and 1, respectively, with the dimensionless tip-to-electrode distance L as a parameter. The diagram evolution shows an increase in the imaginary part of the impedance with the tip-to-electrode distance for all radial positions of the tip and for all frequencies. Moreover, the radial distribution for the imaginary part of the impedance deviates from the ideal capacitive behavior in the high-frequency range ͑Fig. 5a͒. Such a deviation from ideal behavior was also observed at low frequencies when the tip-to-electrode distance is not zero, as seen in Fig. 5b . 
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Journal of The Electrochemical Society, 154 ͑12͒ C719-C727 ͑2007͒ C722 CPE behavior.-The calculated local impedance spectra for a uniform CPE ͑with ␣ = 0.8͒ are presented in Fig. 6 in a Nyquist format with the dimensionless tip-to-electrode distance as a parameter. In Fig. 6 , three different radial positions were compared: r/r 0 = 0 ͑Fig. 6a͒, r/r 0 = 0.4 ͑Fig. 6b͒, and r/r 0 = 0.96 ͑Fig. 6c͒. For all radial positions of the bielectrode and all L values, the local impedance always exhibits a CPE behavior with a constant value of 0.8 at low frequencies. For small L values ͑L Ͻ 0.2͒, it is also shown that the impedance is the largest at the center of the disk and the smallest at the electrode periphery, indicating the greater accessibility of the periphery of the disk electrode. However, if the tip-to-electrode distance remains lower than the electrode radius ͑L Ͻ 1͒, no significant difference in the local impedance ͑for both shape and magnitude͒ is seen when the bielectrode is rastered from the center of the electrode ͑Fig. 6a͒ to the half-radius position ͑Fig. 6b͒. This can be attributed to the observation that the surface area covered within r/r 0 = 0.4 represents a domain where the curvature of the equipotential lines is rather small ͑Fig. 1͒ such that the radial variations of the local current are small. As already mentioned for the local impedance measured at the electrode surface ͑i.e., L = 0͒, [12] [13] [14] small inductive loops are observed in the high-frequency range. In fact, from the shape of all the local impedance diagrams presented in Fig.  6 , it is concluded that the time constant associated with these inductive loops depends on the bielectrode location and the magnitude of these loops diminishes as the tip-to-electrode distance measured from the electrode center increases.
The real and imaginary parts of the local impedance are presented in Fig. 7 and 8 , respectively, as a function of the radial position of the bielectrode with the tip-to-electrode distance as a parameter. The radial distribution of the real part of the local impedance depends on the bielectrode location, and the evolution of the impedance deviates from its ideal behavior ͑corresponding to L = 0͒, especially at the edge of the disk where the curvature of the impedance diagrams is inverted. The same behavior was observed for the radial distribution of the imaginary part of the impedance ͑Fig. 8͒. In fact, from the curves in Fig. 7 and 8 , it appears that the 
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Journal of The Electrochemical Society, 154 ͑12͒ C719-C727 ͑2007͒ C723 evolution of the impedance with respect to the radial position is very similar to that observed in the case of a pure capacitance. Practically, it should be mentioned that direct comparison between Fig. 4 and 7 and between Fig. 5 and 8 does not allow concluding whether a capacitance or a CPE should be taken into account in the physical model. In order to distinguish between a pure capacitive behavior and a CPE behavior, a graphical method was suggested by Orazem et al. 20 that can be applied successfully to these cases. This graphic method consists of plotting the imaginary part of the impedance as a function of the frequency on the doublelogarithm scale. The slope in the low-medium frequency range allows determination of the value of ␣.
Local ohmic impedance.-In previous papers, Huang et al. [12] [13] [14] discussed the interest of measuring local impedance, local interfacial impedance, and local ohmic impedance. The ability to measure a local ohmic impedance is contingent upon the placement of the LEIS probe. The influence of probe position is illustrated in Fig. 9a and b, in which the calculated local, local interfacial, and local ohmic impedances at the electrode center ͑r/r 0 = 0͒ are presented in Nyquist format for two tip-to-electrode distances, L = 0.13 and 0.31, respectively. Both the local and the local interfacial impedances exhibit a CPE behavior at low frequencies, with the same value for ␣ ͑␣ = 0.8͒. The local ohmic impedance is dominated by an inductive feature. The magnitude of the local ohmic impedance decreases with the tip-to-electrode distance. Moreover, the high-frequency limit of the real part of the local interfacial impedance increases as the probe-to-sample distance increases, which is in good agreement with the above definition of the estimated interfacial impedance ͑Eq.
7͒.
Experimental results.-Experimental local impedance measurements obtained for the Fe-17Cr stainless steel disk are presented in the Nyquist format ͑Fig. 10͒ for a tip-to-electrode distance h = 90 m ͑L = 0.04͒ with the dimensionless radial position as a parameter. For all radial positions, the local impedance shows CPE behavior at low frequencies with ␣ = 0.85 and a change of sign in the imaginary part of the impedance at high frequencies. As shown in Fig. 10 , there is no significant difference between diagrams recorded at the center of the electrode and at r/r 0 = 0.33. The inductive loop observed at high frequencies at the electrode center is reduced to only a small inductive feature when the bielectrode is located at the electrode edge. A frequency shift is also observed when the bielectrode is rastered from the center of the electrode to the edge.
Experimental local impedance measurements obtained for the stainless steel disk are presented in Nyquist format in Fig. 11 with the tip-to-electrode distance as a parameter. These diagrams were recorded with the bielectrode located close to the disk electrode center. The CPE behavior is observed in the low-frequency domain. The inductive loops appeared when the bielectrode is close to the disk surface and decreased gradually as the tip-to-electrode distance increases. The magnitude of the spectrum increased with increasing tip-to-electrode distance L. All these experimental results presented here ͑Fig. 10 and 11͒ are in very good agreement with the calculated diagrams shown in Fig. 6 . Experimental local, local interfacial, and local ohmic impedances in Nyquist format of a stainless steel disk electrode at the electrode center ͑r/r 0 = 0͒ are presented in Fig. 12 for two tip-to-electrode distances, h = 290 m ͑L = 0.13͒ and h = 700 m ͑L = 0.31͒, respectively. Experimentally, only the local impedance and local interfacial impedance were measured, and the local ohmic impedance was obtained as the difference of the two other impedance contributions. Both local and local interfacial impedance exhibit a CPE behavior at low frequencies, with the same value for ␣ ͑␣ = 0.85͒. The local ohmic impedance is dominated by an inductive feature. The magnitude of local ohmic impedance decreases with the tip-toelectrode distance. These behaviors are in full agreement with the 
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Discussion
The decrease of the real part of the local impedance as r → r 0 found for h = 0 in Fig. 4 and 7 can be attributed to the greater accessibility of the periphery of the electrode as compared to the center. For h Ͼ 0, the real part of the local impedance increased as r → r 0 . This result was caused by the fact that, following the experimental measurement, the calculation of local impedance did not account for the radial component of the local current density, which has a significant contribution near the periphery of the electrode. Jorcin et al. 21 observed a similar increase in the real part of the local impedance near the periphery of a Mg alloy disk electrode. The treatment in the present work does not apply directly to the work of Jorcin et al. 21 because the present work is for blocking electrodes; whereas their system included faradaic reactions. Nevertheless, the non-negligible radial component of the current can be expected to have caused the increase of the local impedance with increasing radial position observed by Jorcin et al. 21 The real part of the local impedance increased with increasing distance from the electrode. As presented in Eq. 7, the difference in the local impedance measured at two locations represents the local ohmic impedance between the two locations. For a certain frequency range near K = 1, the local ohmic impedance has both real and imaginary components.
The imaginary part of the local impedance also increased with increasing distance of the probe from the electrode. This effect can be observed in the calculations presented in Fig. 5 and 8 as functions of radial position. This effect can also be observed as a significant frequency shift in Fig. 6 as well as in the experiments presented in Fig. 11 and 12 . The increase is observed at all radial positions, even at the center of the electrode where there is no radial component to the current density. Nevertheless, the effect can be attributed to the decrease in current density with increasing radial position associated with the disk geometry.
The increase in the imaginary part of the local impedance with distance from the electrode surface has important implications for the interpretation of LEIS measurements. The increase of imaginary impedance at a fixed frequency is associated with a decreased capacitance. Thus, the apparent capacitance determined from the local impedance measurement is a function of probe position. In addition, Huang et al. 12 demonstrated ͑see Fig. 7 in Ref. 12͒ that the imaginary part of the local interfacial impedance for a purely capacitive electrode yields the electrode capacitance. The implication of these results is that the local impedance measurement itself cannot be used to estimate the surface area sampled by the LEIS measurement. In fact, from a set of curves obtained for various probe heights, no simple relation between the probe-to-sample distance and the capacitance could be obtained. In other words, the measurement of the local capacitance with the dual probes does not allow the determination of the area scanned by the probe, whereas different probe geometries clearly lead to different resolution capability, and experimental observation on a heterogeneous surface may provide the best way to assess the resolution. Work is under investigation to determine the area sample with the LEIS technique, but a possibility is to use metallic dots of various sizes deposited on a carbon electrode and to perform LEIS measurements with the probe-to-sample distance as a parameters.
Conclusion
The series of papers by Huang et al. [12] [13] [14] made specific predictions that could, in principle, be subject to experimental verification. These predictions included high-frequency inductive loops in local impedance measurements, imaginary contributions to the local and global ohmic impedance, and a decrease in the real local impedance near the periphery of the disk electrode. The predictions made by Huang et al., [12] [13] [14] however, applied only at the electrode surface, Figure 12 . Experimental local impedance, local interfacial impedance, and local ohmic impedance in Nyquist format of a stainless steel disk electrode at the electrode center ͑r/r 0 = 0͒ with the dimensionless tip-to-electrode distance L as a parameter: ͑a͒ L = 0.13 and ͑b͒ L = 0.31. These diagrams were measured at E corr .
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Measurements of both the local and the local interfacial impedance at two heights above the electrode surface allowed estimation of the local ohmic impedance. These observations were in excellent agreement with the simulations. In addition, the decrease in the real local impedance near the periphery of the disk electrode found for h = 0 was found to transform into an increase of the real local impedance for LEIS probes located above the electrode surface, h Ͼ 0. This result agrees with the observations of Jorcin et al. 21 and demonstrates that the experimentally observed radial dependence of the real part of the local impedance could be attributed to the nonnegligible radial component of the current density, which was not included in the measurement. The calculated local impedance was found to increase with probe height, even at the center of the electrode, due to the decrease in current density associated with the disk geometry. This effect was also confirmed by experimental observation.
However, the results demonstrate that the value of the measured local impedance cannot be used to estimate the surface area sampled by the LEIS measurement. The area sampled must be determined instead by the probe geometry.
The simulations and experiments presented here provide insight into interpretation of local impedance measurements. Local impedance spectroscopy provides an in situ, and perhaps underutilized, capability to explore heterogeneities on an electrode surface. The authors hope that the improved interpretation of LEIS made possible by the simulations will encourage others to use this technique.
